Background: Transcatheter arterial chemoembolization (TACE) is the standard therapy for intermediate-stage (IM) hepatocellular carcinoma (HCC). However, IM-HCC includes various clinical conditions, and various therapies were conducted in practice. In this study, we retrospectively analyzed the actually conducted treatments for IM-HCC and their efficacies to elucidate the treatment strategies suitable for IM-HCC. Methods: This study included 627 IM-HCC of 5,260 HCC from 9 hospitals. We examined the treatment strategies of these patients and analyzed the efficacy of each therapy with the Cox proportional hazard model and propensity score-matched analysis. Results: Liver resection, radiofrequency ablation (RFA), and TACE were performed in 165, 108, and 351 patients, respectively. Liver resection and RFA were preferably selected in cases of Barcelona Clinic Liver Cancer (BCLC)-B1/B2, and patient survival was significantly longer than in those treated with TACE (p < 0.0001). However, no beneficial effect of these active therapies was observed in cases of BCLC-B3/B4. analysis revealed that surgical resection (hazard ratio = 0.384) and RFA (hazard ratio = 0.597) were negative risk factors for survival. Propensity score-matching analysis revealed that survival of RFA-treated patients was longer than that of TACE-treated patients (p = 0.036). Conclusion: RFA and surgical resection were effective for IM-HCC, particularly in BCLC-B1/B2 cases.
Introduction
Hepatocellular carcinoma (HCC) is the second leading cause of cancer death worldwide and responsible for 788,000 deaths in 2015 [1] . Various treatment modalities and drugs, such as liver resection [2] , radiofrequency ablation (RFA) [3] [4] [5] [6] [7] [8] , transcatheter arterial chemoembolization (TACE) [9, 10] , tyrosine kinase inhibitors [11] [12] [13] [14] , and immuno-oncology drugs [15] , are used for the treatment of HCC. Several guidelines are proposed to select the treatment modality based on the condition of HCC [16] [17] [18] . The Japan Society of Hepatology (JSH) advocated their own JSH guideline in 2017 [18] , and the Barcelona Clinic Liver Cancer (BCLC) groups proposed the BCLC guideline in 2018 [16] . Intermediate-stage (IM) hepatocellular carcinoma (HCC) contains various clinical conditions therein and represents a highly heterogeneous population; active discussion is currently ongoing regarding its treatment strategy [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . Based on the aforementioned guidelines, TACE/liver resection/hepatic arterial chemoembolization is recommended for IM-HCC treatment, but local ablation, including RFA, is not recommended [16, 18] . RFA has good prognosis for HCC up to 3 cm and 3 nodules, and plays an important role in the current HCC clinical practice [4, [6] [7] [8] . In real practice, RFA was often applied to treat IM-HCC, and several reports supported the efficacy of RFA for these patients [23, [26] [27] [28] ; we have also reported its safety and efficacy in a limited number of patients [23, 28] . In this study, we conducted a multicenter study to determine the present status of the treatment of IM-HCC in Japan and analyzed the usefulness of curative therapies, including RFA.
Patients and Methods

Patients
Subjects enrolled in this analysis were 677 IM-HCC of 5,260 newly discovered HCC cases registered in our collaborative hospitals from 2004 to 2017. The diagnostic criteria for HCC were based on previous reports of hyperattenuation at the arterial phase or hypoattenuation at the portal phase determined using dynamic computed tomography (CT) or magnetic resonance imaging (MRI) [28] . In a few cases with atypical findings, the diagnosis was pathologically confirmed by using tissues obtained by fine-needle tumor biopsy. The sixth-edition tumor, node, metastasis staging for HCC was determined based on previous studies conducted by the Liver Cancer Study Group of Japan (LCSGJ) [30] .
We divided the patients into 4 groups: the liver resection, RFA, TACE, and the other therapy group, which included best supportive care. We defined the treatment considered to give the most therapeutic effect as "main treatment." TACE included both conventional TACE and drug-eluting bead TACE.
The study protocol conformed to the ethical guidelines of the World Medical Association Declaration of Helsinki and was approved by our institutional review board (30-152, Okayama City Hospital Institutional Review Board).
Treatments
Liver resection consists of systematic hepatectomy, partial hepatectomy, and laparoscopic liver resection. RFA was performed solely (69 cases, 63.9%) or in conjunction with TACE. We performed RFA in patients in whom TACE was thought to be difficult in treating all nodules or in those who hoped to undergo RFA strongly. When we considered that RFA could be performed safely to all HCC nodules, we explained to the patients that TACE is a standard therapy for IM-HCC and that RFA or RFA combined with TACE might be better than TACE alone in obtaining high local curability, but this effect has not been completely proven yet. All patients in the RFA group agreed to undergo RFA after the explanation.
RFA was performed under ultrasonographic guidance using a single electrode (Cool-tip; Covidien, Tokyo, Japan; Rita-RFA System; Balmer Medical SA, Concise, Switzerland; RF 3000 Radiofrequency Ablation System; Boston Scientific, Marlborough, MA, USA; VIVA-RF system; STARmed, Gyoyang-Si, Korea). TACE was performed on segmental or subsegmental hepatic arteries. A mixture of iodized oil (Lipiodol; Guerbet, Aulnay-sous-Bois, France) and epirubicin hydrochloride (Farmorubicin; Pfizer, Tokyo, Japan), doxorubicin hydrochloride (Adriacin; Pfizer, Tokyo, Japan), or cisplatin (IA-call; Nihon Kayaku, Tokyo, Japan) was initially injected into the arteries, followed by Gelfoam powder (Gelpart; Nihon Kayaku, Tokyo, Japan) or Spongel (before 2006; Yamanouchi, Tokyo Japan).
Follow-Up
We examined the patients every 3-4 months by using simultaneous dynamic CT or Gd-EOB-DTPAenhanced magnetic resonance imaging and assessed tumor markers, such as α-fetoprotein (AFP) and protein induced by vitamin K absence or antagonist II (PIVKA-II). The criteria for recurrence were the same as the criteria for initial diagnosis. The mean observation period was 3.2 years.
Statistical Analysis
Data were expressed as medians and ranges. Statistical analysis was performed using the Mann-Whitney U test or Wilcoxon test for continuous variables, χ 2 test for categorical variables, log-rank test, Kaplan-Meier method, and Cox proportional hazard model for survival. For propensity score-matched analysis, we extracted the data on the patients who underwent TACE or RFA in BCLC-B, matched the background of both groups with age, sex, Child-Pugh score, main tumor size, and tumor number. Statistical significance was considered for p < 0.05. All statistical analyses were performed using Easy R (EZR; Saitama Medical Center, Jichi Medical University, Saitama, Japan) [16] , a graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria) [31] .
Results
Treatment Selection
TACE accounted for the largest number of treatment types in IM-HCC (351 cases, 51.8%), whereas more than one-third of the patients (273 cases, 39.1%) underwent curative therapies, such as liver resection or RFA ( preferably selected for the treatment of large tumors in small number, RFA was used for the treatment of small tumors in large number. No background differences were observed between the groups treated with RFA alone and RFA combined with TACE.
The number of patients in BCLC-B1, -B2, and -B3/4 was 178, 355, and 144, respectively. The most prevalent therapy in BCLC-B1 was liver resection (67 patients, 46.9%), followed by RFA (42 patients, 29.4%), and TACE (32 patients, 22.4%) (Fig. 1 ). The number of patients treated with TACE increased in BCLC-B2 (84 patients, 40.2%); however, more than half of the patients underwent liver resection or RFA (121 patients, 57.9%). TACE was preferably selected in BCLC-B3/B4.
Overall Survival
The median survival time (MST) by treatment type (liver resection/RFA/TACE/others) in BCLC-B cases was 5.6, 4.2, 2.5, and 1.0 years, and the 5-year survival rate was 55.8, 45.9, 21.1, and 14.7%, respectively. We analyzed the overall survival of the patients based on the substage of Bolondi et al. [32] . The overall survival of liver resection (MST, 6.43 years) and RFA (MST, 6.96 years) in BCLC-B1 was significantly better than that of TACE (MST, 3.16 years, p < 0.0001; Fig. 2 ). The same relationship was observed in BCLC-B2: the overall survival of liver resection (MST, 5.28 years) and RFA (MST, 3.83 years) was significantly better than that of TACE (MST, 2.76 years, p < 0.0001). However, no significant difference in overall survival was observed in BCLC-B3/B4. We did not observe a difference in the prognosis between the RFA-only group (MST 4.19 years) and RFA-TACE group (MST 4.05 years, p = 0.872).
Risk Factors for Survival in Patients with IM-HCC
Univariate analysis with 15 variables, including tumor factors and background liver factors, revealed that old age (> 70 years), low albumin level (< 3.5 g/dL), high total bilirubin level (> 1.0 mg/dL), presence of ascites and encephalopathy, high AFP level (> 20 ng/mL), high des-γ-carboxy prothrombin (DCP; > 100 mAU/mL), high BCLC substage, and large tumor size were risk factors for survival ( Table 2 ). The cutoff values of AFP and DCP were set based on their median values. Multivariate analysis using the significant factors in the univariate analysis revealed that old age (> 70 years, hazard ratio [HR] = 1.324), low albumin (< 3.5 g/ dL, HR = 1.787), and presence of ascites (HR = 1.390) were significant risk factors for survival. By contrast, liver resection (HR = 0.384) and RFA (HR = 0.597) were negative risk factors for survival. Propensity Score-Matching Analysis of TACE and RFA The characteristics of the patients treated with TACE and RFA overlapped to some extent; hence, we matched the background of the patients by using propensity score and compared it with the survival. We used 7 factors for matching (age, sex, Child-Pugh score, tumor number, tumor size, AFP, and DCP), and 89 cases each were selected from 351 TACE and 108 RFA. The c-indices of propensity scores before and after matching were 0.72 and 0.48, respectively. The average scores in the TACE group and the RFA group were 0.342 (median 0.343, range 0.047-0.632) and 0.356 (median 0.338, range 0.044-0.645), respectively. The overall survival of the patients in the RFA group was significantly longer than that in the TACE group (p = 0.036). The MST of the patients in the RFA and TACE groups was 4.19 and 3.17 years, respectively (Fig. 3) . The difference was observed especially in BCLC-B1 (online suppl. Fig. 1a, b) .
On the other hand, we could not match the background of liver resection and TACE groups completely with propensity score because of the great background differences between them.
Discussion
In this study, we examined the actual condition of the treatment of IM-HCC by using the data from multiple hospitals in Japan. Approximately 40% of the patients were treated curatively either with liver resection or RFA, although these treatments were neither recommended in the JSH nor in the BCLC guidelines. These therapies were preferably selected in cases of BCLC-B1/B2 and could achieve longer survival than TACE. However, these active therapies have no beneficial effect in cases of BCLC-B3/B4. Propensity score-matching analysis revealed that survival of the RFA group was longer than that of the TACE group. In addition, liver resection and RFA were negative risk factors for survival in multivariate analysis. These results indicated that RFA and liver resection could be the treatments of choice for IM-HCC, although the candidates must be carefully selected. The overall survival of patients in the RFA group was significantly longer than that in the TACE group (p = 0.036).
Both liver resection and RFA were often selected in BCLC-B1 and -B2; however, tumor size and number in each group were quite different. The size of the tumor was large in the selected liver resection group, and the number of nodules was high in the RFA group. The beneficial effect of these curative therapies could be achieved only using the advantage of each therapy. A small difference in size did not affect the procedures and curability of liver resection in many cases. A recent study indicated the survival benefit of liver resection in patients with IM-HCC, which included many large HCC > 5 cm in diameter with a small number [33] . A small increase in the number of tumors did not dramatically increase the risk or reduce the curability of RFA. Yin et al. [34] showed that RFA could control a large number of tumors but not large tumors. These results indicated that longer survival could be achieved by selecting good candidates for each therapy.
Several studies indicated the beneficial effect of RFA in patients with IM-HCC. Azuma et al. [35] treated HCC with poor Lipiodol retention with RFA, and Yin et al. [34] performed RFA to nodules that might be safe to perform RFA. Both studies showed the additive effect of RFA for prolonging survival to patients initially treated with TACE. However, most of the studies did consider the BCLC-B substages. We previously reported in a different small cohort that the treatment with RFA alone was better than TACE alone in BCLC-B1/B2 for the first time [23] . Hirooka et al. demonstrated the additive effect of RFA in BCLC-B1/2 patients who received TACE [26] . The results in this multicenter study supported the conclusions of both studies.
Although there are good candidates for RFA in patients with BCLC-B1/B2, surgical resection and RFA has no beneficial effect in cases of BCLC-B3/4. These patients were not only bearing more advanced tumors but also experiencing worse liver function. The efficacy of any treatments, including TACE, has not been confirmed in patients with poor liver function; hence, research trials were required to propose suitable therapies [32] .
This study has some limitations. First, this study is not a randomized controlled but a retrospective cohort study. Selection bias could not be eliminated because liver resection and RFA were performed only when these therapies were considered safe and beneficial. In addition, we neither considered recently developed tyrosine kinase inhibitors nor PD-1 antibodies. These drugs were originally used for the treatment of advanced HCC (BCLC-C); however, its expanded application to IM-HCC is now on the stage, particularly for TACErefractory cases. These drugs might change the strategy for the treatments of IM-HCC in the near future. We did not examine the effect of posttreatments, which might be another limitation. Furthermore, we did not take tumor location into account, which might be a cause of selection bias.
Despite these limitations, we clearly demonstrated the benefit of liver resection and RFA for the treatment of BCLC-B1/B2 IM-HCCs in this multicenter analysis. The results in this study could provide information for selecting therapies of IM-HCCs.
